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# Aligned_sequences: 2 
# 1: MERS PDB:4RNA 
# 2: Wuhan 2019-nCoV MN908947_PLpro 
# Matrix: EBLOSUM62 
# Gap_penalty: 10.0 
# Extend_penalty: 0.5 
# 
# Length: 336 
# Identity:      98/336 (29.2%) 
# Similarity:   161/336 (47.9%) 
# Gaps:          22/336 ( 6.5%) 





PDB:4RNA           1 --GPQLTIEVLVTVDGVNFRTVVLNNKNTYRSQLGCVFFNGADISDTIPD     48 
                       ....||:|..|||.:|..|.|::...||..|.|..:.:|||::...|. 
MN908947_PLpro     1 SLREVRTIKVFTTVDNINLHTQVVDMSMTYGQQFGPTYLDGADVTKIKPH     50 
 
PDB:4RNA          49 EKQNGHSLYLADNLTADETKALK--ELYGPVDPTFLHRFYSLKAAVHGWK     96 
                     ....|.:.|:..|   |:|..::  |.|...||:||.|:.|.......|| 
MN908947_PLpro    51 NSHEGKTFYVLPN---DDTLRVEAFEYYHTTDPSFLGRYMSALNHTKKWK     97 
 
PDB:4RNA          97 MVVCDKVRSLKLSDNNCYLNAVIMTLDLLKDIKFVIPALQHAFMKHKGGD    146 
                     ....:.:.|:|.:||||||...::||..: ::||..||||.|:.:.:.|: 
MN908947_PLpro    98 YPQVNGLTSIKWADNNCYLATALLTLQQI-ELKFNPPALQDAYYRARAGE    146 
 
PDB:4RNA         147 STDFIALIMAYGNCTFGAPDDASRLLHTVLAKAELCCSARMVWREWCNVC    196 
                     :.:|.|||:||.|.|.|...|....:..:...|.| .|.:.|....|..| 
MN908947_PLpro   147 AANFCALILAYCNKTVGELGDVRETMSYLFQHANL-DSCKRVLNVVCKTC    195 
 
PDB:4RNA         197 GIKDVVLQGLKACCYVGVQTVEDLRARMTYVCQCGGERHRQLVEHTTPWL    246 
                     |.:...|:|::|..|:|..:.|..:..:...|.||.:..:.||:..:|:: 
MN908947_PLpro   196 GQQQTTLKGVEAVMYMGTLSYEQFKKGVQIPCTCGKQATKYLVQQESPFV    245 
 
PDB:4RNA         247 LLSGTPNEKLVTTSTAPDFVAFNVFQGIETAVGHYVHARLKGGLILKFDS    296 
                     ::|..|.:..:...|   |...:.:.| ....|||.|...|..|.. .|. 
MN908947_PLpro   246 MMSAPPAQYELKHGT---FTCASEYTG-NYQCGHYKHITSKETLYC-IDG    290 
 
PDB:4RNA         297 GTVSKTSDWKCKVTDVLFPGQKYSSDCN--------    324 
                     ..::|:|::|..:|||.:....|::...         
MN908947_PLpro   291 ALLTKSSEYKGPITDVFYKENSYTTTIKPVTYKLDG    326 
 
Figure S1. EMBOSS Needle alignment of the extracted papain-like protease (PLpro) sequence 
of Wuhan coronavirus (MN908947_PLpro) against MERS coronavirus (PDB:4RNA) 




# Aligned_sequences: 2 
# 1: Wuhan 2019-nCoV MN908947_PLpro 
# 2: SARS PDB:5TL6 
# Matrix: EBLOSUM62 
# Gap_penalty: 10.0 
# Extend_penalty: 0.5 
# 
# Length: 327 
# Identity:     261/327 (79.8%) 
# Similarity:   287/327 (87.8%) 
# Gaps:           9/327 ( 2.8%) 





MN908947_PLpro     1 -SLREVRTIKVFTTVDNINLHTQVVDMSMTYGQQFGPTYLDGADVTKIKP     49 
                      :..||:||||||||||.|||||:|||||||||||||||||||||||||| 
PDB:5TL6           1 MASMEVKTIKVFTTVDNTNLHTQLVDMSMTYGQQFGPTYLDGADVTKIKP     50 
 
MN908947_PLpro    50 HNSHEGKTFYVLPNDDTLRVEAFEYYHTTDPSFLGRYMSALNHTKKWKYP     99 
                     |.:||||||:|||:|||||.||||||||.|.|||||||||||||||||:| 
PDB:5TL6          51 HVNHEGKTFFVLPSDDTLRSEAFEYYHTLDESFLGRYMSALNHTKKWKFP    100 
 
MN908947_PLpro   100 QVNGLTSIKWADNNCYLATALLTLQQIELKFNPPALQDAYYRARAGEAAN    149 
                     ||.||||||||||||||::.||.|||:|:|||.||||:||||||||:||| 
PDB:5TL6         101 QVGGLTSIKWADNNCYLSSVLLALQQLEVKFNAPALQEAYYRARAGDAAN    150 
 
MN908947_PLpro   150 FCALILAYCNKTVGELGDVRETMSYLFQHANLDSCKRVLNVVCKTCGQQQ    199 
                     ||||||||.||||||||||||||::|.|||||:|.|||||||||.|||:. 
PDB:5TL6         151 FCALILAYSNKTVGELGDVRETMTHLLQHANLESAKRVLNVVCKHCGQKT    200 
 
MN908947_PLpro   200 TTLKGVEAVMYMGTLSYEQFKKGVQIPCTCGKQATKYLVQQESPFVMMSA    249 
                     |||.|||||||||||||:..|.||.|||.||:.||:|||||||.|||||| 
PDB:5TL6         201 TTLTGVEAVMYMGTLSYDNLKTGVSIPCVCGRDATQYLVQQESSFVMMSA    250 
 
MN908947_PLpro   250 PPAQYELKHGTFTCASEYTGNYQCGHYKHITSKETLYCIDGALLTKSSEY    299 
                     |||:|:|:.|||.||:|||||||||||.|||:|||||.||||.|||.||| 
PDB:5TL6         251 PPAEYKLQQGTFLCANEYTGNYQCGHYTHITAKETLYRIDGAHLTKMSEY    300 
 
MN908947_PLpro   300 KGPITDVFYKENSYTTTIKPVTYKLDG    326 
                     |||:|||||||.|||||||         
PDB:5TL6         301 KGPVTDVFYKETSYTTTIK--------    319 
 
Figure S2. EMBOSS Needle alignment of the extracted papain-like protease (PLpro) sequence 
of Wuhan coronavirus (MN908947_PLpro) against SARS coronavirus (PDB:5TL6) Catalytic 





# Aligned_sequences: 2 
# 1: Wuhan 2019-nCoV MN908947_PLpro 
# 2: Bat CoV A0A2R3SUX5_PLpro 
# Matrix: EBLOSUM62 
# Gap_penalty: 10.0 
# Extend_penalty: 0.5 
# 
# Length: 326 
# Identity:     316/326 (96.9%) 
# Similarity:   321/326 (98.5%) 
# Gaps:           0/326 ( 0.0%) 





MN908947_PLpro     1 SLREVRTIKVFTTVDNINLHTQVVDMSMTYGQQFGPTYLDGADVTKIKPH     50 
                     ||||||:|||||||||||||||:||||||||||||||||||||||||||| 
A0A2R3SUX5_PLpro   1 SLREVRSIKVFTTVDNINLHTQIVDMSMTYGQQFGPTYLDGADVTKIKPH     50 
 
MN908947_PLpro    51 NSHEGKTFYVLPNDDTLRVEAFEYYHTTDPSFLGRYMSALNHTKKWKYPQ    100 
                     |||||||||||||||||||||||||||||.|||||||||||||||||||| 
A0A2R3SUX5_PLpro  51 NSHEGKTFYVLPNDDTLRVEAFEYYHTTDSSFLGRYMSALNHTKKWKYPQ    100 
 
MN908947_PLpro   101 VNGLTSIKWADNNCYLATALLTLQQIELKFNPPALQDAYYRARAGEAANF    150 
                     |||||||:|||||||||||||||||||||||||||||||||||||||||| 
A0A2R3SUX5_PLpro 101 VNGLTSIRWADNNCYLATALLTLQQIELKFNPPALQDAYYRARAGEAANF    150 
 
MN908947_PLpro   151 CALILAYCNKTVGELGDVRETMSYLFQHANLDSCKRVLNVVCKTCGQQQT    200 
                     ||||||||||||||||||||||:||||||||||||||||||||||||||| 
A0A2R3SUX5_PLpro 151 CALILAYCNKTVGELGDVRETMNYLFQHANLDSCKRVLNVVCKTCGQQQT    200 
 
MN908947_PLpro   201 TLKGVEAVMYMGTLSYEQFKKGVQIPCTCGKQATKYLVQQESPFVMMSAP    250 
                     ||||||||||||||||||.||||||||.||||||:||||||||||||||| 
A0A2R3SUX5_PLpro 201 TLKGVEAVMYMGTLSYEQLKKGVQIPCMCGKQATQYLVQQESPFVMMSAP    250 
 
MN908947_PLpro   251 PAQYELKHGTFTCASEYTGNYQCGHYKHITSKETLYCIDGALLTKSSEYK    300 
                     |||||||||||.|||||||||||||||||||||||||||||||||||||| 
A0A2R3SUX5_PLpro 251 PAQYELKHGTFVCASEYTGNYQCGHYKHITSKETLYCIDGALLTKSSEYK    300 
 
MN908947_PLpro   301 GPITDVFYKENSYTTTIKPVTYKLDG    326 
                     |.|||||||||||||||||||||||| 
A0A2R3SUX5_PLpro 301 GSITDVFYKENSYTTTIKPVTYKLDG    326 
 
Figure S3. EMBOSS Needle alignment of the extracted papain-like protease (PLpro) sequence 
of Wuhan coronavirus (MN908947_PLpro) against bat coronavirus (UniProtKB: 
A0A2R3SUX5). Catalytic triads shown in red bold. 	  
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MN908947_PLpro     -SLREVRTIKVFTTVDNINLHTQVVDMSMTYGQQFGPTYLDGADVTKIKPHNSHEGKTFY 59 
A0A2R3SUX5_PLpro   -SLREVRSIKVFTTVDNINLHTQIVDMSMTYGQQFGPTYLDGADVTKIKPHNSHEGKTFY 59 
5TL6               MASMEVKTIKVFTTVDNTNLHTQLVDMSMTYGQQFGPTYLDGADVTKIKPHVNHEGKTFF 60 
4RNA               ---GPQLTIEVLVTVDGVNFRTVVLNNKNTYRSQLGCVFFNGADISDTIPDEKQNGHSLY 57 
                          :*:*:.***. *::* ::: . ** .*:* .:::***::.  *. .::*:::: 
 
MN908947_PLpro     VLPNDDTLRV-EAFEYYHTTDPSFLGRYMSALNHTKKWKYPQVNGLTSIKWADNNCYLAT 118 
A0A2R3SUX5_PLpro   VLPNDDTLRV-EAFEYYHTTDSSFLGRYMSALNHTKKWKYPQVNGLTSIRWADNNCYLAT 118 
5TL6               VLPSDDTLRS-EAFEYYHTLDESFLGRYMSALNHTKKWKFPQVGGLTSIKWADNNCYLSS 119 
4RNA               LADNLTADETKALKELYGPVDPTFLHRFYSLKAAVHGWKMVVCDKVRSLKLSDNNCYLNA 117 
                   :  .  : .     * *   * :** *: *    .: **    . : *:: :****** : 
 
MN908947_PLpro     ALLTLQQI-ELKFNPPALQDAYYRARAGEAANFCALILAYCNKTVGELGDVRETMSYLFQ 177 
A0A2R3SUX5_PLpro   ALLTLQQI-ELKFNPPALQDAYYRARAGEAANFCALILAYCNKTVGELGDVRETMNYLFQ 177 
5TL6               VLLALQQL-EVKFNAPALQEAYYRARAGDAANFCALILAYSNKTVGELGDVRETMTHLLQ 178 
4RNA               VIMTLDLLKDIKFVIPALQHAFMKHKGGDSTDFIALIMAYGNCTFGAPDDASRLLHTVLA 177 
                   .:::*: : ::**  ****.*: : :.*::::* ***:** * *.*  .*. . :  ::  
 
MN908947_PLpro     HANLD-SCKRVLNVVCKTCGQQQTTLKGVEAVMYMGTLSYEQFKKGVQIPCTCGKQATKY 236 
A0A2R3SUX5_PLpro   HANLD-SCKRVLNVVCKTCGQQQTTLKGVEAVMYMGTLSYEQLKKGVQIPCMCGKQATQY 236 
5TL6               HANLE-SAKRVLNVVCKHCGQKTTTLTGVEAVMYMGTLSYDNLKTGVSIPCVCGRDATQY 237 
4RNA               KAELCCSARMVWREWCNVCGIKDVVLQGLKACCYVGVQTVEDLRARMTYVCQCGGERHRQ 237 
                   :*:*  *.: * .  *: ** : ..* *::*  *:*. : ::::  :   * ** :  :  
 
MN908947_PLpro     LVQQESPFVMMSAPPAQYELKHGT---FTCASEYTG-NYQCGHYKHITSKET-LYCIDGA 291 
A0A2R3SUX5_PLpro   LVQQESPFVMMSAPPAQYELKHGT---FVCASEYTG-NYQCGHYKHITSKET-LYCIDGA 291 
5TL6               LVQQESSFVMMSAPPAEYKLQQGT---FLCANEYTG-NYQCGHYTHITAKET-LYRIDGA 292 
4RNA               LVEHTTPWLLLSGTPNEKLVTTSTAPDFVAFNVFQGIETAVGHYVHARLKGGLILKFDSG 297 
                   **:: : ::::*. * :  :  .*   * . . : * :   *** *   *   :  :*.. 
 
MN908947_PLpro     LLTKSSEYKGPITDVFYKENSYTTTIKPVTYKLDG 326 
A0A2R3SUX5_PLpro   LLTKSSEYKGSITDVFYKENSYTTTIKPVTYKLDG 326 
5TL6               HLTKMSEYKGPVTDVFYKETSYTTTIK-------- 319 
4RNA               TVSKTSDWKCKVTDVLFPGQKYSSDCN-------- 324 
                    ::* *::*  :***::   .*::  :         
 
Figure S4. Clustal Omega alignment of the extracted PLpro sequence of Wuhan coronavirus 
2019-nCoV against Bat (A0A2R3SUX5) MERS coronavirus (PDB:4rna) and SARS 




MolProbity scoring and statistics for refined PLpro models 1-10  
 
















1 SARS_5tl6:B 97.12 100 1.82 (99th) 1.10 
(100th) 
0.64 0.00 
2 SARS_5tl7:B 95.85 100 1.41 (99th) 1.16 (99th) 0.96 0.34 
3 SARS_5e6j:A 95.83 99.68 1.62 (99th) 1.40 (97th) 0.65 0.00 
4 SARS_4m0w:A 96.51 99.68 2.01 (99th) 1.20 (99th) 1.28 0.00 
5 SARS_5tl7:D 95.82 99.68 2.03 (99th) 1.26 (99th) 0.97 0.00 
6 SARS_3e9s:A 96.15 100 2.21 (99th) 1.26 (99th) 1.29 0.00 
7 SARS_5e6j:D 95.18 100 3.25 (97th) 1.45 (96th) 0.97 0.00 
8 SARS_5tl6:D 94.19 100 1.84 (99th) 1.34 (98th) 0.97 0.34 
9 MERS_4rna:A 92.28 99.68 2.75 (98th) 1.54 (94th) 1.62 0.34 
10 MERS_5ko3:A 91.84 99.18 4.14 (96th) 1.69 (90th) 1.65 0.00 
 
Table S1. Statistics via MolProbity with no His/Asn/Gln flips allowed. 
 























SARS_5tl7:B 95.85 100 1.41 (99th) 1.16 (99th) 0.96 0.34 
3 (1 
flip) 
SARS_5e6j:A 95.83 99.68 1.62 (99th) 1.32 (98th) 0.65 0.00 
4 (1 
flip) 
SARS_4m0w:A 96.51 99.68 1.81 (99th) 1.17 (99th) 1.28 0.00 
5 (1 
flip) 
SARS_5tl7:D 95.82 99.68 2.03 (99th) 1.26 (99th) 0.97 0.00 
6 (1 
flip) 
SARS_3e9s:A 96.15 100 2.21 (99th) 1.26 (99th) 1.29 0.00 
7 (0 
flips) 
SARS_5e6j:D 95.18 100 3.25 (97th) 1.45 (96th) 0.97 0.00 
8 (0 
flips) 
SARS_5tl6:D 94.19 100 1.84 (99th) 1.34 (98th) 0.97 0.34 
9(4 
flips) 
MERS_4rna:A 92.28 99.68 2.54 (98th) 1.51 (95th) 1.62 0.34 
10 (0 
flips) 
MERS_5ko3:A 91.84 99.18 4.14 (96th) 1.69 (90th) 1.65 0.00 
 
Table S2. Statistics via MolProbity with His/Asn/Gln flips allowed. 	  
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Figure S5. Ramachandran plots for Wuhan CoV PLpro homology monomer model1 
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Figure S6. Ramachandran plots for Wuhan CoV PLpro homology monomer model2 
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Figure S8. Ramachandran plots for Wuhan CoV PLpro homology monomer model4 
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Figure S9. Ramachandran plots for Wuhan CoV PLpro homology monomer model5 
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Figure S10. Ramachandran plots for Wuhan CoV PLpro homology monomer model6 
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Figure S11. Ramachandran plots for Wuhan CoV PLpro homology monomer model7 
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Figure S12. Ramachandran plots for Wuhan CoV PLpro homology monomer mode8 
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Figure S13. Ramachandran plots for Wuhan CoV PLpro homology monomer mode9 
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Figure S14. Ramachandran plots for Wuhan CoV PLpro homology monomer model10 	  
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Comparison of refined Wuhan CoV PLpro homology models. 
 
The refined models have very high structural similarity regardless of template in the central 
catalytic domain (Figure S15). The SARS and MERS templates used in the modelling have 
quite diverse N-terminal ubiquitin-like (Ubl) domains that is reflected in the derived models. 
To a lesser extent the C-terminal fingers domains overlay with more diversity due to different 
degrees of twist in the b-sheets and also in the orientation of the flexible linger region 
179ANLDSC184. One exception is the two models 2,5 derived from two different monomers in 
the SARS template 5tl6 where changes in orientation of the ridge helix and loop 
62PNDDTLRVEAFEYYH76 drive a different orientation of the Ubl domain 
 
Figure S15. Overlay of refined Wuhan CoV PLpro homology models. Panel A. Overlay of all 
10 model catalytic domains (green ribbons) with diverse N-terminal Ubl and zinc finger 
domains (coloured ribbons). Panel B: Overlay of models 1,3,4,6-8 from SARS templates 
5tl6, 5ej6, 4m0w, 3e9s, and MERS templates 4rna, 5ko3. Panel C: Overlay of models 2,5 
from SARS template 5tl7.  	  
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Molecular Dynamics Method 
 
Molecular dynamics simulations were performed with the Desmond Molecular Dynamics 
System (D. E. Shaw Research, New York, NY) by using the tools incorporated in the 
Schrödinger Suite 2019-2. The model system was set up by using the “System Setup” utility. 
The OPLS2005 force field parameters were implemented during simulations. Each monomer, 
dimer or ternary complex was placed in an orthorhombic box with solvent buffers up to 10Å 
along each dimension. The TIP3P solvent model was used to describe water molecules. 
Overall neutralisation of the system was achieved by adding sodium and chloride ions at the 
physiological concentration of 0.15M. The prepared model systems were then relaxed by 
using the multi-step default protocol in Desmond. After relaxation, the whole system was 
subjected to a 100ns simulation at 300°. The cut-off distance for computing short-range 
electrostatics and Lennard–Jones interaction was set to 9.0Å. The trajectories and energies 
were recorded every 100 and 1.2ps, respectively. MD simulations were performed at the IMB 
cluster from the University of Queensland on NVIDIA P100 GPUs or on a CentOS Linux 
Desktop with a Quadro RTX 5000 GPU. Simulation analysis was performed on Linux or 




100ns MD: Model1 WH_PLPro_model1_fromSARS_5tl6_Minimised.pdb 
 
Figure S16. Protein Ca RMSD over the 100 ns duration molecular dynamics simulation. 
Figure S17. Protein Ca RMSF plot. Per residue variability in Ca position. 
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Flexible residues  
 
Figure S18. WH CoV PLpro Model 1 shown as green ribbons, except catalytic triad (Cys114, 
His275, Asp289 - yellow sticks), and magenta ribbons for regions found to be mobile in 100 
ns MD simulation. Zinc-binding cysteine residues (Cys192, Cys195, Cys227, Cys229) shown 
as magenta sticks, zinc atom - grey sphere. 
 
Moderately mobile regions (>1.5 RMSF) N-terminal residues Glu4-Val10, b-strand, loop and 
a-helix Thr21-Gln33, large loop Ly46-Lys56, loop and a-helical turn Pro62-Val69, strand 
Thr78-Asp79, loop tip Gly103, strand Lys129-Asn131, helical residue Ala144, strand 
Thr161-Leu165, helical residues Glu170-Thr171, strand Asn180-Ser183, very mobile b-
hairpin Val190-Thr200, very mobile twisted b-hairpin Gln224-Thr234, loop Asn270-Cys273, 
loop Lys282-Glu283, turn residue Ser297, C-terminus Thr316-Lys318. 
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100ns MD: Model2 WH_PLPro_model2_fromSARS_5tl7_Minimised.pdb 
 
Figure S19. Protein Ca RMSD over the 100 ns duration molecular dynamics simulation. 
Figure S20. Protein Ca RMSF plot. Per residue variability in Ca position. 
 
Flexible residues  
 
Figure S21. WH CoV PLpro Model 2 shown as green ribbons, except catalytic triad (Cys114, 
His275, Asp289 - yellow sticks), and magenta ribbons for regions found to be mobile in 100 
ns MD simulation. Zinc atom - grey sphere. 
 
Moderately mobile regions (>1.5 RMSF) N-terminal residues Glu4-Lys9, b-strand Val23-
Ser27, loop His50-Ser52, loop residue Gly55, loop and a-helix Pro62-Phe72, very mobile b-
hairpin loop Cys192-Gln197, very mobile twisted b-hairpin Lys221-Ala233, loop Gly269-
Gly274, C-terminus Thr316-Lys318. 
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100ns MD: Model3 WH_PLPro_model3_fromSARS_5e6j_Minimised.pdb 
 
Figure S22. Protein Ca RMSD over the 100 ns duration molecular dynamics simulation. 
Figure S23. Protein Ca RMSF plot. Per residue variability in Ca position. 
 
Flexible residues  
 
 
Figure S24. WH CoV PLpro Model 3 shown as green ribbons, except catalytic triad (Cys114, 
His275, Asp289 - yellow sticks), and magenta ribbons for regions found to be mobile in 100 
ns MD simulation. Template and model did not contain a zinc atom and as a result the 
“finger” b-hairpins are much more mobile Panels A,B indicate how this affects the mobility 
of the zinc-binding loops and the position of catalytic His275, MD snapshots at 0 and 75ns. 
 
Moderately mobile regions (>1.5 RMSF) N-terminal residues Arg6-Lys9, b-strand and loops 
Thr21-Pro36, loops and strand Asp40-Lys56, turn Asp65-Thr66, loop residue Thr78, loop 
Ala110-Asn112, strand Gly163-Leu165, very mobile b-hairpin loop Cys192-Gln197, highly 
mobile large loop Gln224-Ala233, loop Gly269-Gly274, loop catalytic Asp289-Ala291, C-
terminus Thr316-Pro319. 
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100ns MD: Model4  WH_PLPro_model4_fromSARS_4m0w_Minimised.pdb 
 
Figure S25. Protein Ca RMSD over the 100 ns duration molecular dynamics simulation. 
Figure S26. Protein Ca RMSF plot. Per residue variability in Ca position. 
 
Flexible residues  
 
Figure S27. WH CoV PLpro Model 4 shown as green ribbons, except catalytic triad (Cys114, 
His275, Asp289 - yellow sticks), and magenta ribbons for regions found to be mobile in 100 
ns MD simulation. Zinc-binding cysteine residues (Cys192, Cys195, Cys227, Cys229) shown 
as magenta sticks, zinc atom - grey sphere. 
 
Moderately mobile regions (>1.5 RMSF) N-terminal residues Val5-Lys9, loop residue Ile17, 
b-strand and loop Thr21-Thr29, helical residues Gly31-Gln33, loops and strand Lys46-
Lys56, turn Asn63-Thr66, helical residue Val69, strand and helical residue Thr77-Ser81, loop 
Ala110-Asp111, very mobile strands, loop and helical turn Cys158-Thr171, b-hairpin loop 
Cys192-Gly196, highly mobile twisted b-hairpin Gln224-Ala233, very mobile large loop 
Gly269-Cys273, loop tip Glu283, highly mobile C-terminus Lys318-Thr321. 
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100ns MD: Model5  WH_PLPro_model5_fromSARS_5tl7_Minimised.pdb 
 
Figure S28. Protein Ca RMSD over the 100 ns duration molecular dynamics simulation. 
Figure S29. Protein Ca RMSF plot. Per residue variability in Ca position. 
 
Flexible residues  
 
Figure S30. WH CoV PLpro Model 5 shown as green ribbons, except catalytic triad (Cys114, 
His275, Asp289 - yellow sticks), and magenta ribbons for regions found to be mobile in 100 
ns MD simulation. Zinc-binding cysteine residues (Cys192, Cys195, Cys227, Cys229) shown 
as magenta sticks, zinc atom - grey sphere. 
 
Moderately mobile regions (>1.5 RMSF) N-terminal residues Val5-Lys9, b-strand and loop 
Thr21-Thr29, helical residues Gly31-Gly35, loops and strand Lys46-Gly55, helical turn 
Asn63-Arg68, helical residue Ser81, loop Ala110-Asp111, strand and loop Asn159-Leu165, 
b-hairpin loop Cys192-Gln197, very mobile twisted b-hairpin Gln224-Ala233, very mobile 
large loop Asn270-Cys273, highly mobile C-terminus Thr316-Thr321. 
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Figure S31. Protein Ca RMSD over the 100 ns duration molecular dynamics simulation. 
Figure S32. Protein Ca RMSF plot. Per residue variability in C-a position. Figure 33. 
Protein-ligand interaction summary diagram for the allosteric SARS PLpro inhibitor 
modelled from PDB:3e9s template.  
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Flexible residues  
 
Figure S34. WH CoV PLpro Model 6 shown as green ribbons, except catalytic triad (Cys114, 
His275, Asp289 - yellow sticks), and magenta ribbons for regions found to be mobile in 100 
ns MD simulation. Allosteric SARS PLpro inhibitor shown as grey sticks, zinc atom - grey 
sphere. 
 
Moderately mobile regions (>1.5 RMSF) very mobile N-terminal residues Glu4-Val10, b-
strand and loops His20-Pro36, loop residue Asp40, loops Thr45-Lys56, loop and helical turn 
Pro62-Val69, loops Thr77-Ser81, helical residue His92, loop residue Lys95, loop Arg143-
Gly145, loop Thr161-Leu165, very mobile b-hairpin loop Val191-Gln198, very mobile large 
b-hairpin loop Gln224-Ala233, loop residue Gly259, loop Lys282-Thr284, loop residue 
Ser297, highly mobile C-terminus Thr316-Ile317. 
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100ns MD:  WH_PLPro_model7_fromSARS_5e6j_Minimised.pdb 
 
Figure S35. Protein Ca RMSD over the 100 ns duration molecular dynamics simulation. 
Figure S36. Protein Ca RMSF plot. Per residue variability in Ca position.  
 
Flexible residues  
 
Figure S37. WH CoV PLpro Model 7 shown at the start of the MD simulation as green 
ribbons, except catalytic triad (Cys114, His275, Asp289 - yellow sticks), and magenta 
ribbons for regions found to be mobile in 100 ns MD simulation. Template and model did not 
contain a zinc atom and as a result the “finger” b-hairpins are much more mobile Panels A,B 
indicate how this affects the mobility of the zinc-binding loops and the position of the loop 
containing catalytic His275, MD snapshots at 0 and 60ns. 
 
Moderately mobile regions (>1.5 RMSF) N-terminal residues Arg6-Thr12, b-strand and loop 
Ile17-Met28, loop residues Gly31-Pro36, linked loops His50-Thr57, loop and a-helixAsn63-
Glu70, helical residues Phe72-Glu73, loops Thr77-Asp79, helical residue His92, helical 
residue Lys95, loop Val162-Glu164, loop Asp182-Ser183, b-hairpin loop Cys192-Gly196, 
very mobile twisted b-hairpin Gln224-Ala233, very mobile loop Gly269-Cys273, loop 
Lys282-Glu283, short very mobile C-terminus Thr316-Lys318. 
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100ns MD:  WH_PLPro_model8_fromSARS_5tl6_Minimised.pdb 
 
Figure S38. Protein Ca RMSD over the 100 ns duration molecular dynamics simulation. 
Figure S39. Protein Ca RMSF plot. Per residue variability in Ca position.  
 
Flexible residues  
 
Figure S40. WH CoV PLpro Model 8 shown as green ribbons, except catalytic triad (Cys114, 
His275, Asp289 - yellow sticks), and magenta ribbons for regions found to be mobile in 100 
ns MD simulation. Zinc atom shown as a grey sphere. 
 
Moderately mobile regions (>1.5 RMSF) N-terminal b-strand Thr7-Phe11, loops and b-
strand Asn16-Pro36, very mobile loop residues Asp40-Thr57, strand and a-helix Pro62-
Glu73, loop and a-helix Thr77-Arg85, a-helix and loop Met87-Lys97, loop Trp109-Asn112, 
helical turn Arg143-Glu146, helical residue Leu155, strand Tyr157-Asp167, helical residues 
Arg169-Glu170, very mobile b-hairpin loop Val191-Gln198, very mobile large b-hairpin 
loop Ile225-Ala233, strand Pro251-Gln253, loop residue His258, very mobile loop Gly269-
Gly274, loop Glu283-Thr284, loop Ser296-Glu298, very mobile C-terminus Thr316-Lys318. 
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100ns MD: Model9  WH_PLPro_model9_fromMERS_4rna_Minimised.pdb 
 
Figure S41. Protein Ca RMSD over the 100 ns duration molecular dynamics simulation. 
Figure S42. Protein Ca RMSF plot. Per residue variability in Ca position.  
 
This model from MERS was modelled as a dimer, as the two monomers in the unit cells were 
sufficiently close to be considered a functional dimer. Caution should be applied to this result 
as there is no evidence that the 2019-nCoV PLpro is a functional dimer.  In this model, 
during the MD simulation there is an extremely high degree of motion in the N-terminal 
ubiquitin-like domain of Chain A and the C-terminal fingers domain of Chain B, near where 
they interact in the model. Indeed these two chains move away from another significantly 
over the course of the simulation. This is highly suggestible that this dimer is a crystallisation 
artefact and that the protease is most likely a monomer in solution.  
 
Flexible residues  
 
Figure S43. WH CoV PLpro Model 9 Chain A shown as green ribbons, Chain B cyan ribbons 
except catalytic triads (Cys114, His275, Asp289 - yellow sticks), and magenta ribbons for 
regions found to be mobile in 100 ns MD simulation. Zinc atoms shown as a grey sphere. 
Panel A: structures at start of simulation (0ns), Panel B: Structures at end of simulation 
(100ns) showing how chains A and B have moved apart. 
 
Moderately mobile regions (>1.5 RMSF) Chain A: Almost the entire N-terminal ubiquitin-
like domain. N-terminal b-strand Arg6-Thr12, highly mobile b-strand and loops Val14-
Glu70, loop tip Pro80, loop Ala110-Asp111, loop Ala144-Gly145, loop Gly163-Asp167, 
strand Asp182-Ser183,  b-hairpin loop Lys193-Gly196, loop residue Gly212, b-hairpin loop 
Thr228-Lys231, wide loop Pro250-Gln253, loop tip Gly259, very mobile loop Thr268-
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catalytic His275, loop Glu283-Thr284, loop and b-strands Gly290-Pro302, highly mobile C-
terminus Thr316-Ile317. 
Chain B: N-terminal residues Arg6-Thr7, loop Asp15-Asn18, loop Met26-Thr29, helical turn 
residue Gln32, strand Lys46-Ser52, loop Gln100-Gly103, helix tip Ala144, loop Lys160-
Gly163, loop residue Leu165, b-hairpin Val191-Gln199, turn residue Gly204, loop Met211-
Leu214, helical turn residue Gln218, large b-hairpin loop Gly222-Thr234, large loop Ala249-
Gly259, highly mobile large loop Glu266-Lys277 (includes catalytic His275), b-sheet region 
Ile279-Thr304, highly mobile C-terminus Thr315-Lys318. 
 
 
100ns MD: Model10  WH_PLPro_model10_fromMERS_5ko3_Minimised.pdb 
 
Figure S44. Protein Ca RMSD over the 100 ns duration molecular dynamics simulation. 
Figure S45. Protein Ca RMSF plot. Per residue variability in Ca position.  
 
Flexible residues  
 
Figure S46. WH CoV PLpro Model 10 shown as green ribbons, except catalytic triad 
(Cys114, His275, Asp289 - yellow sticks), and magenta ribbons for regions found to be 
mobile in 100 ns MD simulation. MERS PDB:5ko3 template and resulting model did not 
contain a zinc atom, and Panels A-C indicate how this affects the mobility of the zinc-binding 
loops, MD snapshots at 0, 50, and 100ns. 
 
Lacking a Ubl domain, protein starts at Val69 
 
Moderately mobile regions (>1.5 RMSF) very mobile N-terminal strand Val69-Glu73, loops 
Thr77-Ser81, loop Ala110-Asn112, large loop Lys160-Gly166, helical turn Met172-Tyr174, 
loop Asp182-Ser183, very mobile b-hairpin loop Val191-Gln198, loop residue Gly212, 
helical turn Tyr216-Phe219, highly mobile large b-hairpin loop Lys221-Thr234, loop residue 
Ala252, b-hairpin loop Asn270-Cys273, loop Lys282-Thr284, C-terminus Thr315. 
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 PDB Code Structure Title Resolution 
SARS 2FE8 SARS coronavirus papain-like protease: structure of a viral deubiquitinating enzyme 1.85 Å 
3E9S A new class of papain-like protease/deubiquitinase inhibitors blocks SARS virus replication 2.5 Å 
3MJ5 Severe Acute Respiratory Syndrome-Coronavirus Papain-Like Protease Inhibitors: Design, Synthesis, Protein-Ligand X-ray Structure and Biological Evaluation 2.63 Å 
4M0W Crystal Structure of SARS-CoV papain-like protease C112S mutant in complex with ubiquitin 1.4 Å 
4MM3 Crystal structure of SARS-CoV papain-like protease PLpro in complex with ubiquitin aldehyde 2.75 Å 
4OVZ X-Ray Structural and Biological Evaluation of a Series of Potent and Highly Selective Inhibitors of Human Coronavirus Papain-Like Proteases 2.5 Å 
4OW0 X-Ray Structural and Biological Evaluation of a Series of Potent and Highly Selective Inhibitors of Human Coronavirus Papain-Like Proteases 2.1 Å 
5E6J Structure of SARS PLpro bound to a Lys48-linked di-ubiquitin activity based probe 2.85 Å 
5TL6 Crystal structure of SARS-CoV papain-like protease in complex with the C-terminal domain of human ISG15 2.62 Å 
5TL7 Crystal structure of SARS-CoV papain-like protease in complex with C-terminal domain mouse ISG15 2.44 Å 
5Y3E Crystal structure of SARS coronavirus papain-like protease in complex with glycerol 1.65 Å 
5Y3Q Crystal structure of SARS coronavirus papain-like protease conjugated with beta-mercaptoethanol 1.65 Å 
    
MERS 4P16 Crystal structure of the papain-like protease of Middle-East Respiratory Syndrome coronavirus 2.5 Å 
4PT5 Crystal structure of PLpro from Middle East Respiratory Syndrome (MERS) coronavirus 2.59 Å 
4R3D Crystal structure of MERS Coronavirus papain like protease 2.82 Å 
4REZ Crystal structure of the Middle-East respiratory syndrome coronavirus papain-like protease 2.8 Å 
4RF0 Crystal structure of the Middle-East respiratory syndrome coronavirus papain-like protease in complex with ubiquitin (space group P6522) 2.8 Å 
4RF1 Crystal structure of the Middle-East respiratory syndrome coronavirus papain-like protease in complex with ubiquitin (space group P63) 2.15 Å 
4RNA Crystal structure of PLpro from Middle East Respiratory Syndrome (MERS) coronavirus 1.79 Å 
4WUR The crystal structure of the MERS-CoV papain-like protease (C111S) with human ubiquitin 3.16 Å 
5KO3 Structure of a Core Papain-like Protease of MERS Coronavirus with utility for structure-based drug design 1.95 Å 
5V6A Crystal structure of the Middle East respiratory syndrome coronavirus papain-like protease bound to ubiquitin variant ME.2 2.7 Å 
5V69 Crystal structure of the Middle East respiratory syndrome coronavirus papain-like protease bound to ubiquitin variant ME.4 2.55 Å 
5W8T Crystal structure of MERS-CoV papain-like protease in complex with the C-terminal domain of human ISG15 2.76 Å 
5W8U Crystal structure of MERS-CoV papain-like protease in complex with the C-terminal domain of human ISG15 2.41 Å 
6BI8 X-ray structure of MERS coronavirus papain-like protease in complex with human ISG15 2.29 Å 
    
AIBV 4X2Z Structural view and substrate specificity of papain-like protease from Avian Infectious Bronchitis Virus 2.15 Å 
 5BZ0 Crystal structure of IBV papain-like protease PLpro C101S mutant in complex with ubiquitin 2.1 Å 
 
Table S3. PDB structures of Coronaviral papain-like proteases studied for template selection. 	  
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Alignment DB:ID  Source  Length  Score (Bits  Identities %  
1 A0A2R3SUX5_CVHSA  Non-structural polyprotein 1ab OS=Bat SARS-like coronavirus OX=1508227 PE=3 SV=1  7070 660.6 96.9 
2 TR:A0A2R3SV02_CVHSA  Non-structural polyprotein 1ab OS=Bat SARS-like coronavirus OX=1508227 PE=3 SV=1  7092 660.2 96.9 
3 TR:A0A2D1PX80_CVHSA  Non-structural polyprotein 1ab OS=Bat SARS-like coronavirus OX=1508227 PE=3 SV=1  7073 573.9 83.7 
4 TR:A0A2D1PXA3_CVHSA  Non-structural polyprotein 1a OS=Bat SARS-like coronavirus OX=1508227 PE=3 SV=1  4382 573.9 83.7 
5 TR:A0A0K1YZY7_CVHSA  Replicase polyprotein 1ab OS=Bat SARS-like  7073 573.5 83.1 
6 TR:A0A0K1Z0N1_CVHSA  Polyprotein 1a OS=Bat SARS-like coronavirus YNLF_31C OX=1699360 GN=orf1a PE=3 SV=1  4382 573.5 83.1 
7 TR:Q6TPE9_CVHSA  OS=SARS coronavirus GZ02 OX=256753 GN=orf1ab PE=3 SV=1 7073 572 83.4 
8 TR:C8YZ74_CVHSA  Replicase 1AB polyprotein OS=Human SARS coronavirus OX=694009 PE=3 SV=1  4382 572 83.4 
9 TR:Q3ZTC6_CVHSA  Replicase p1AB OS=SARS coronavirus civet020 OX=285949 PE=3 SV=1  7073 572 83.4 
10 TR:Q4JDQ5_CVHSA  Replicase 1AB OS=SARS coronavirus B039 OX=299335 PE=3 SV=1  7073 572 83.4 
 
Table S4. Top 10 results of Blast search of the 2019-nCoV PLpro sequence WH_PLpro.fasta against full UniProt Knowledgebase. 
